A grazing trial was conducted on 99 ha of moist, low-fertility hill country near Woodville, New Zealand, during 1975. Treatments were: low fertiliser (125 kg/ha/a superphosphate (9070 P, 10% S» and high fertiliser (average 630 kg/ha/a superphosphate, plus lime) application rates; and 3 grazing managements -rotational grazing by sheep and by cattle, and set stocking by sheep. Some replication was included in the design, 10 self-contained farmlets being used. Over a 6-year period stocking rate was increased from 6.5 to 12.0 and from 8.8 to 16.1 s.u.zha on low and high fertiliser farmlets respectively. Over this period, and also in the 3 previous years, herbage accumulation was measured, using grazing exclosures and a trim technique. November-April rainfall had a large effect on herbage accumulation rate (HAR) causing year-to-year variation of 23% about mean annual herbage accumulation. The high fertiliser treatment grew 9% more herbage than low fertiliser in the first year after differential application, and 21-50% more in the last 5 years. The main effect of the grazing management treatments was that annual herbage accumulation in the rotationally grazed cattle pastures was depressed by 12% compared with the sheep-grazed pastures, presumed to be a result of severe treading damage. Differences in HAR between rotationally grazed and set-stocked sheep pastures were not detected. The trim technique used probably overestimated HAR of set-stocked pastures during the reproductive phase of grass growth. Measurements of herbage mass suggested that rotationally grazed sheep pastures grew about 20% more herbage over springearly summer than set-stocked sheep pastures, or about 12% more on an annual basis. Slope of measurement site, on a within-hillside microtopographic basis, had a strong negative relationship with HAR. For the linear part (15-27 0 slope) of the cubic function used, annual herbage accumulation decreased about 370 kg DM/ha/a per degree slope increase. Aspect influences on HAR were less marked than those of slope. NW and E aspect classes showed similar annual accumulation and pattern of seasonal accumulation. SW aspects had higher HARs than NW aspects for 2-4 months in January-April, and lower (20-40%) HARs for most of the remainder of the year. Seasonal spread of annual herbage accumulation was also influenced by grazing management, but was not influenced by fertiliser treatment or slope.
INTRODUCTION
Herbage accumulation rate (HAR)* is a major determinant of animal production in grazed pasture systems (McMeekan 1960) . Other factors which influence animal production include seasonality of herbage accumulation, feeding value of herbage, efficiency of grazing, class of grazing animal, and genetic merit of grazing animals. Suckling (1959a) states that improved herbage production resulted in a more than 3-fold increase in stock carrying capacity of North Island hill pasture over a lO-year period. In hill country, slope has a marked effect on HAR of grazed pasture, as shown at several North Island sites (Suckling 1959a (Suckling , 1975 Radcliffe et al. 1968; Gillingham 1973; Gillingham & During 1973) . HAR decreases with increasing slope, flatter stock camp areas producing twice as much herbage as hillsides (17.9 v. 8.1 t DM/ha/a respectively, Suckling 1959a). *Herbage accumulation is synonomous with the colloquial term 'pasture production'. HAR on different aspects has been measured by Suckling (1959a Suckling ( , 1975 , Radcliffe et al. (1968) , Radcliffe (1971) , Gillingham (1973) , and Lambert & Roberts (1978) . The effect of aspect on HAR is less well defined than that of slope. In general, shady aspects have higher HARs than sunny aspects during periods of moisture stress, whereas sunny aspects produce more herbage at other times. The length of the summer dry period, as influenced by local climate, can thus be expected to have a major effect on both seasonal and annual herbage accumulation on sunny and shady aspects.
Some work on the effects of grazing regime on HAR has been conducted in North Island hill country. Suckling (1954 Suckling ( , 1959a Suckling ( , 1975 investigated the effects of summer spelling and cattle:sheep ratios as well as set stocking and rotational grazing on HAR. The effect of these management practices was small compared with that of fertiliser.
Fertiliser has a marked influence on HAR (Suckling 1959b (Suckling , 1976 . However, fertiliser application in hill country grazing trials has often been concurrent with oversowing of legume seed and subsequent increases in stocking rate. Such improvement techniques often result in a large increase in HAR. With such techniques Suckling (1954 Suckling ( , 1975 obtained an increase in HAR from 5 to 13.7 t DM/a over 20 years of pasture improvement at Te Awa. At Makara use of such techniques increased HAR from 2.5 to 8 t DM/ha/a (Yates 1971) .
A trial was initiated in 1975, to investigate the influence of grazing management and fertiliser input on a hill pasture ecosystem. Grazing management treatments were chosen to bring about widely differing soil-pasture-animal interactions. Such interactions include effects of defoliation intensity and frequency, trampling, and pattern of excretal return. Fertiliser treatments were chosen to represent nominal 'main- Table 1 Rainfall (mm) and average 0900 h earth temperatures (0C) at 100 mm depth. Av. ·Season 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1970-81 Rainfall " Summer  445  246  127  167  215  380  249  164  251  338  261  272  Autumn  331  234  428  401  320  349  291  283  244  345  402  246  323  Winter  348  272  276  300  524  493  571  325  377  270  289  374  l68  tspring  365  406  187  307  356  310  354  341  328  315  464  281  335  Annual  1235  1341  1100  1066  14ll  1413  1550  1237  1071  1254  1461  ll75 Measurements of soil and pasture parameters were made in the 3 years before treatment imposition, and measurements of responses in soil, pasture, and animals in the 6 years after treatment imposition. This paper presents results of measurements of herbage accumulation for the 9-year period.
MATERIALS AND METHODS

Site
The trial was on 99 ha of steep and dissected hill country at 'Ballantrae', the hill-country research area of Grasslands Division, DSIR ( Fig. 1 ). Ballantrae is 20 km to the north-east of Palmerston North, in the foothills of the Ruahine Range, southern Hawke's Bay. Altitude of the trial area ranges from 125 to 350 m a.s.1.
Soils at higher altitude (about 35010 of the area) are yellow-brown earths and related steep land soils (Whetakura, Mangamahu, and Ngamoko, and a small area of Makara). Soils of the remaining area are intergrades to yellow-grey earths and related steepland soils (Wainui, Taihape, Wilford, Okoia, and small areas of Raumati silt loam). These soils are formed on tertiary sandstone, siltstone, and mudstone, except the Ngamoko, which is formed on silty drift material, and the Makara which is from greywacke (J. D. Cowie, pers. comm.). Soil Olsen P status was 4 in 1974 and 7 in 1975 before imposition of fertiliser treatments.
Rainfall and earth temperature records from a meteorological station within the trial area (171 m a.s.l.), are presented in Table I . High windspeed is a feature of the environment, the average during 1971-1981 at 347 m a.s.1. being 28 km/h. Scrub-weeds (gorse Ulex europaeus L. and rnanuka Leptospermum scoparium L.) are a problem. The area had not, as far as is known, received fertiliser since 1950. A dressing of 250 kg/ha superphosphate was applied to the whole area in both 1973 and 1974.
In June 1974 the area was oversown with white clover (Trifolium repens L. 'Grasslands Huia'), red clover (T. pratense L. 'Grasslands Turoa'), subterranean clover (T. subterraneum L. 'Woogenellup'), and Lotus pedunculatus Cav. 'Grasslands Maku'. Seed was coated and inoculated, except for the white clover, and sown at 2.50, 1.85, 1.95, and 1.35 kg/ha bare seed rate respectively. Pastures were close-grazed before oversowing. The area was resown with uninoculated Huia, Turoa, and Lotus pedunculatus Cav. 'G4703' at 2.5,7.0, and 2.5 kg/ha, respectively, in October 1977 to introduce legumes to areas where establishment had been poor.
When the trial began pastures were dominated by 'low-fertility tolerant' grasses (mainly browntop Agrostis spp., sweet vernal Anthoxanthum odoratum L., and crested dogstail Cynosurus cristatus L.), with a small legume contribution to annual herbage accumulation, of about 2% (Grant & Brock 1974; Grant & Lambert 1979) .
The area was divided into 10 farmlets of 7-14 ha each with 4-5 basic paddocks. Boundaries were arranged so that the topography of each farmlet was representative of that of the whole area. Replicate setstocked sheep farmlets were spread across the altitude range of the trial (Fig. 2 ).
Treatments
Experimental design is outlined in Table 2 . Table 3 details the fertiliser treatments. Responses to lime and molybdenum (probably substitutive) and superphosphate on the trial area were indicated by Lambert & Grant (1980) , and formed a basis for deciding fertiliser and lime policies in this trial. Grazing managements were imposed in late winter 1975 as follows: 
Set-stocked sheep (SSS)
From 1975 to 1977, 80010 of stock units (s.u.) were Romney breeding ewes, and the remaining 20% were Angus dry cattle (18-24 month steers). In 1977-78, cattle stock units were reduced to 10% of total stock units and thereafter cattle were grazed only occasionally. Animals were set-stocked after mating (mid May) until weaning (mid January). The animals were then mob-stocked on a weekly-shift basis. In 1979-81 this mob stocking was delayed until late March.
Rotationally grazed sheep (RGS)
Pastures were grazed in rotation all year, with 3 shifts weekly, except for a period of set stocking at lambing from late August until early October. In 1975 only, pastures were rotationally grazed through lambing. In 1977-78, 10% of total stock units were dry cattle, as in the SSS treatment. Rotation length r~'ged from 18 to 25 days in the spring, to 50 to 65 days III the winter. Back-fencing was used at all times.
Surplus herbage in RGS and SSS farmlets was grazed with mobs of cattle in late summer-autumn, except in 1979-80 and 1980-81.
Rotationally grazed cattle (RGC) Angus breeding cows were used on a similar system to the RGS but with year-round rotational grazing. Rotation length ranged from 20 to 30 days in spring, to 60 to 80 days in winter.
Relatively high liveweights at mating were maintained in both ewes (52-54 kg) and cows (395-495 kg). Lambing ranged from 80 to 110% and calving was about 80%. Annual wool yield was 5-7 kg! sheep s.u. Values for average stocking rates within fertiliser level are given in Table 4 . Stocking rate was adjusted as described by Grant et al. (1978 Grant et al. ( ) during 1975 Grant et al. ( -76 to 1977 . Variation within fertiliser levels ranged from 2 to 9%. This policy of adjusting stocking rate in response to differences among farmlets in both animal liveweight and herbage mass was found to be difficult to administer; this was in part the reason for disproportionately high increases in stocking rate in some of the LF farmlets in 1976-77. Subsequently the same stocking rate was used within fertiliser levels and was generally increased each year in summer-autumn. The relative stocking rates of LF and HF farmlets were , related to their relative HARs. 1973 1974 1975 1976 1977 1978 1979 1980 The fertiliser and grazing management treatments were imposed in June and August 1975. Until then the trial area had been predominantly set-stocked with breeding ewes.
MEASUREMENTS
Herbage accumulation was assessed using a trim technique, over 53 growth periods between September 1972 and August 1981. After August 1975, 2 frame exclosures (0.5 x 1 m) were located on each of 9 slopeaspect classes within each farmlet; this gave 18 measurement sites per farmlet. Within each site the exclosure was rotated around 6 pre-selected points of similar micro-topography, being moved to a pretrimmed area at the start of each measurement period.
Pre-trim and harvest cuts were made 5-10 mm above ground level using hand-shears. Intervals between harvests varied from 24 to 169 days, depending on HAR. In 1972-73 only 87 measurement sites were used, and from summer 1973 to winter 1975,140 sites. Bigger exclosures were rotated around 7 points during these periods, and I m x 1 m areas were harvested. The 87 and 140 site data, which were collected before treatment imposition, have been grouped into the same 9 slope-aspect classes within which the 180 sites were located during the 5-year study. Herbage accumulation data include the dead matter component of the pasture (about 10070 on an annual basis).
Analysis of pre-trial data indicated that slope classes of 1-12°,13-25°, and >26°would allow the effect of micro-topography on HAR to be assessed adequately. These classes also allow effective partitioning of this source of variation in herbage accumulation data from those of fertiliser input, grazing management, and aspect. These 3 classes relate closely to track-camp, slope, and bank micro-topographical units (During & Radcliffe 1962 ; Rumball & Esler 1968)of hill country.
Aspect classes of 35-150°,155-270°, and 275-30°( relative to true N), centred approximately around E, SW, and NW, were selected for practical and theoretical reasons including the direction of the prevailing wind (WNW)'and the relationship between solar radiation, temperature, and aspect (Geiger 1965) . The classes used give warm-dry NW (sunny) and cooldamp SW (shady) aspects, with an intermediate E aspect. Herbage accumulation for each measurement period was allocated for the appropriate 3-month season (e.g., spring = September-November) proportionate to the number of days of that period within each season. Fertiliser and grazing management averages were taken over slope and aspect classes. This means that each class had equal weighting. Field measurements of val'iation in micro-topography at 'Ballantrae', and investigation of the use of weighting factors for slope, indicated that these simple averages gave a satisfactory estimate of herbage accumulation on individual farmlets.
Analysis of data
Data were analysed as a balanced factorial of 3 slope and 3 aspect classes for 1972-73 and 1973-74, by analysis of variance. Data for the other 7 years were analysed as an unbalanced factorial (to accommodate replication of SSS farmlets) of 2 fertiliser levels, 3 grazing managements, 3 slope, and 3 aspect classes. Fertiliser and grazing management main effects and interactions were tested using an error term derived from the differences between SSS replicates. Slope and aspect main effects and interactions were tested with an error term derived from higher order interactions.
RESULTS
Climatic influences on herbage accumulation
For the 9-year period considered here, autumn rainfall in 1972 was high, but in all other years was within 30070 of the mean (Table 1) . Winter rainfall was outside this range in 1974, 1975, and 1976 , being above it in each of these years. Spring rainfall was low in 1972 and high in 1980. Summer rainfall was low in 1972-73, 1973-74, and 1977-78, and was high in 1975-76 , the first summer following imposition of treatments.
Annual herbage accumulation ranged from 5.5 to 14.0 t DM/ha (Table 5 ). Linear regression analysis was used to separate the influence of rainfall and fertiliser application on annual herbage accumulation. Equation (I) contains mean values for the constant and coefficients from 5 equations. These were calculated for sets of data spanning 5, 6, 7, 8, and 9 years, commencing in each instance in 1972-73. As successive years were incorporated, the constant tended to increase in line with an increasing level of herbage accumulation, but changes in the size of the coefficients showed no clear trend. R' values for the equations from which Equation (1) was derived were 0.92-0.94, indicating a good explanation of variation in annual herbage accumulation; these high R' values may in part be a result of the large difference in the fertiliser rates used, but do also incorporate variations, within fertiliser treatments, from year to year. The equation indicates that all 3 variables in Equation (I) strongly influenced herbage accumulation.
Regression analysis of the effect of superphosphate application and winter earth temperature (Table 1) on winter HAR did not yield any significant relationship.
Fertiliser effects
Differences in HAR between areas, before imposition of fertiliser treatments, were small and not statistically significant for annual totals (see 1974-75 data in Table  5 ). There was little effect in the first spring and summer after different application rates; an 18% advantage to HF occurred in the first autumn and 22% (statistically not significant) in winter 1976. Then, significantly more herbage was produced on HF than on LF farmlets (with only 2 exceptions). This advantage ranged from 21 to 50% on an annual basis (Table 5 ).
Grazing management effects Pre-trial differences among areas subsequently under different management regimes were not significant on an annual basis, although in autumn and winter 1975 significant differences in seasonal herbage accumulation occurred (Table 5 ).
The only notable trend in herbage accumulation which can be directly attributed to the management regimes is the steady decline in the ROC treatment relative to the sheep-grazed treatments. This depression reached statistical significance (P<O.I) occasionally for seasonal means, and for annual herbage accumulation in 1978-79 and 1979-80 (Table  5 ).
The only time at which management effects within fertiliser levels reached statistical significance (P<0.1), apart from those involving depression in the ROC treatments, was in autumn 1976 when LF x SSS herbage accumulation was lower than that of LF x ROS and HF x SSS was lower than HF x ROC, and in autumn 1981 when ROC accumulation was higher than that in sheep-grazed treatments ( 
Slope effects
A cubic relationship was used to relate herbage accumulation to slope (Fig. 3) . HAR on steep areas was consistently lower than that on flajter areas (Fig.  3 , Table 7 ). For individual measurement sites, maximum and minimum (in parentheses) recorded annual herbage accumulation values were as follows: 19.8 (1.7) for 1972-73, and 13.8 (3.2), 17.8 (3.2), 17.9 (2.1), 20.2 (2.5), 25.4 (4.5), 25.8 (4.1), and 24.4 (4.0) t DM/ha for 1974-75 to 1980-81 respectively. In all but one of these 8 years, the maximum recorded production came from within the 1-12 0 slope class, and the minimum recorded production from the >26 0 slope class.
Aspect effects
HAR on the E aspect was usually similar to that on the NW aspect. Annual herbage accumulation on the NW and E aspects was often higher than that on the SW aspect (Table 7) . The SW aspect was more productive than the NW Seasonal production patterns aspect for a short period, usually during January-Neither slope nor fertiliser level significantly affected April, in each year 1975 April, in each year /76-1979 (Fig. 4) . the pattern of herbage accumulation during the year Differences between NW and SW aspects in the (P>O.l), whereas both aspect (P<O.OOI) and preceding 3 years were rarely significant on a seasonal management (P<O.OI) did. E aspect values were basis (Table 7) ; differences on a single cut basis are intermediate between those of NW and SW aspects. apparent in Fig. 4 .
Percentage of annual herbage accumulation for NW applied at any time during the previous 8 years results in about 11 kg DM/ha/a extra herbage production. This emphasises that as fertiliser history becomes extensive, phosphate applied in a particular year becomes relatively less important. The response to phosphate applied in any particular year is likely to have a time lag, because of the necessity for increased legume growth and N fixation to precede increases in soil N status and grass growth. Equation (1) is simplistic in its assumption that the initial large response in herbage accumulation to any particular application of P occurs within 12 months.
In years of average summer rainfall, and where 125 kg/ha superphosphate is applied annually, a cessation in application could be expected to reduce annual herbage accumulation by about 3% in the first year, which is in line with the 0-5% suggested by During & McNeur (1975) .
Effects of lime application on herbage accumulation, at least in the short term, were probably small, as Mo was also applied (Lambert & Grant 1980) . This is supported by the high degree of fit for the regression equations used to derive Equation (1). Had there been
DISCUSSION
Interactions Table 8 indicates that during 1975/76-1980/81 fertiliser X management interactions only occurred twice for seasonal means, and did not occur for annual means of herbage accumulation. Fertiliser X aspect and slope X aspect interactions occurred infrequently. Fertiliser x slope, and management x slope or aspect interactions occurred frequently. Fertiliser x slope interactions resulted from the proportionately greater increase in HAR from the 13-25 0 slope class than from the higher and lower slope classes (Fig. 3) . Increases in annual herbage accumulation from high fertiliser application (i.e., HF cf. LF), for low, medium, and high slopes respectively over the 6-year period, were 28, 42, and 30010. Management x slope interactions in spring resulted from lower 13-25 0 HAR in ROC farmlets; in summer, lower HAR occurred on 1-12 0 and 13-25 0 slopes on ROC farmlets. In autumn proportionately more herbage grew on 1-12 0 than on 13-25 0 slopes in the rotationally grazed compared with the SSS farmlets. Management x slope interactions in winter were caused by the different proportionate contribution of 1-12 0 slopes in the order ROC (highest proportion), ROS, and SSS; the converse order applied for 13-25 0 slopes. Management x aspect interactions occurred mainly in spring in the 3 years after treatment imposition. These interactions resulted from the E aspects having depressed HARs and ROC farmlets. Management x aspect interactions in winter occurred for the same reason.
(and SW), in spring, summer, autumn, and winter respectively, was 39.3 (36.9), 31.4 (34.0),16.8 (18.1), and 12.6 (10.9). Percentage of annual herbage accumulation in spring for ROS, ROC, and SSS respectively was 35.8, 35.5, and 34.8; for summer, 35.3,33.7, and 37.3; for autumn, 16.5, 18.3, and 17.0; and for winter, 12.3, 12.5, and 11.0. Fertiliser treatments and rainfall Equation (1) indicates that superphosphate previously applied has an effect, reduced in magnitude, beyond that in its immediate year of application. This is in line with published work on effectiveness of applied superphosphate with time (Barrow 1974) . Suckling (1975) found that where superphosphate treatments were changed, effects of fertiliser 'history could outweigh those of current treatment for many years.
Response in HAR to incremental superphosphate in the application year, is estimated from Equation (1) at about 25 kg DM/ha/a per kg P applied. When residual effects are taken into account each kg of P ... ....----------------------- 1974 1975 1976 1977 1978 1979 1980 Difference in herbage accumulation rates between NW and SW aspects. Values are calculated as percentage increase or decrease of NW rate cf. SW rate.
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a major influence of lime in the HF treatment then an additional term for lime would have improved the degree of fit of the equation. This was not the situation. This argument may also be used to assess the effects of the 20 units of N applied to HF farmlets in 1975. No effects from this application were seen, and any major long-term influence is unlikely. The lag in response to spring-applied superphosphate was about 6-12 months. This lag, following initial (1973) and then differential (1975) application, is to be expected, as major responses in production were probably a function of increased N availability after N fixation and subsequent cycling through excreta and plant decay. This emphasises that once deficiencies such as K are relieved, N rather than P supply is the primary nutritional limitation to herbage accumulation.
November-April rainfall had a large effect on annual herbage accumulation. With annual 125 kg/ha superphosphate dressings the range of rainfall measured during the 9 years of the trial (Table 1) would give predicted (Equation (1» annual herbage accumulations of 7.0 to 11.3 t DM/ha, a deviation of ± 23070 about the mean. If the average November-April rainfall for 1970-81 is used, Equation (1) predicts herbage accumulation in the absence of variation in warm-season rainfall. Thus herbage accumulation estimates of 7030, 7620, and 7990 kg DM/ha/a are obtained for the pretreatment years 1972/73-1874/75. Values for the 6 years 1975/76-1980/81 respectively are 8230, 8060, 8350, 8540, 8720, and 8910 for the LF treatments, and 9540, 10080, 11740, 12130, 12870 ,and 13320 kg DM/ha/a for the HF treatment.
The influence of rainfall on annual herbage accumulation may be less important for animal production than the data here indicate. Animal production in the moist hill environment is limited mainly by HAR in late winter and spring; at this time of year soil moisture generally does not limit HAR.
Grazing management
The major effect of the grazing management treatments over the 6-year period was the divergence in annual herbage accumulation of the ROC and sheep-grazed farmlets, resulting in statistically significant depressions of 15 and 12% in ROC in 1978-79 and 1979-80 (Table 6 ). This effect was probably caused by heavy pugging and the consequent pasture damage which was apparent in winter and spring.
The .trim technique used to estimate herbage accumulation was similar to that of Radcliffe et a1. (1968) , the major difference being the lower trim height in their work. The technique measures the ability of pasture to regrow after trimming. Hence effects resulting from treatments which might influence factors such as soil fertility, pasture botanical composition and structure, and root and stubble reserves are assessed. Effects of treatments involving defoliation regimes (e.g., the grazing management treatments in this trial) are assessed only indirectly. The trim technique used is likely to estimate herbage accumulation better under rotational grazing than under set stocking, during the reproductive phase of grass growth. Trimming of measurement sites, then spelling until harvesting, is more akin to rotational grazing than set stocking. During spring and early summer, reproductive tillers in set-stocked pastures may be more frequently defoliated than in rotationally grazed pastures (Clark et al. 1982) , which could result in a greater reduction in size of the growth surge caused by onset of reproductive grass growth (Hunt & Field 1978) . Herbage mass measurements were made at the same 180 sites as herbage accumulation measurements (unpublished data). When estimates of herbage consumption by grazing animals are combined with changes in herbage mass, another estimate of herbage accumulation is obtained. This estimate indicates that in the grazed pasture HAR was about 20070 higher on RGS than SSS farmlets during the September-January period, mostly occurring in December-January, resulting in about 12% more herbage produced annually. Field et al. (1981) , in attempting to model an HF x SSS system at Ballantrae, found that where herbage mass was high, HARs under grazing appeared to be restricted to about 75% of those measured using the trim technique. Slope A strong negative relationship between slope and annual herbage accumulation was observed (Table 7 , Fig. 3 ). Fig. 3 shows a change of -363 and -371 kg DM/ha (for LF and HF respectively) per degree change in slope, over the relatively linear (10-27°) part of the curve. If a linear function was used the value over the whole slope range would be -225 and -277 kg DM/ha per degree slope, considerably higher than the 109 found by Gillingham (1973) , over a steeper slope range, at Whatawhata. The cubic function used indicates maximum herbage accumulation on 8°s lopes; the lower accumulation at lower slopes may result from pasture damage caused by camping and treading. The upturn in the LF curve above 30°slope may be caused by an increase in plant-available P in younger soils on high slope areas. Heavier fertiliser applications in the HF treatment do not appear to have stimulated greater herbage accumulation at slopes above 36°; maybe little fertiliser lodged on these sites during aerial application, and/or was washed off after application.
Maximum single-site HARs of 20-25 t DM/ha/a indicate the potential of the environment. Field measurement showed that, on average, the 1-12 0, 13-25°, and~26°slope classes constituted 28, 43, and 29% of the surface area in the trial. The relative contributions of these areas to total DM accumulation were 39,41, and 20%, emphasising the disproportionately high contribution of the track and camp areas and low contribution of the bank areas. Management that lowers HAR on low slope areas, such as severe trampling, or under-grazing, should be avoided where possible.
Slope-related factors are probably the biggest single determinant of herbage accumulation variability in southern North Island hill country.
Aspect
Aspect influences on HAR were smaller than those of slope ( Table 7 ). The differences between NW and SW faces in summer (Fig. 4) are probably not large enough in most years to be used in any but the most sophisticated farm systems. In drier hill country, larger differences among aspects in summer might be expected, because of a longer period of moisture stress which might accentuate differences between sunny and shady faces. In the part of the year when NW faces have higher HARs than SW faces (generally 20-40% for several months at Ballantrae) then these differences should have relevance to farmers, e.g., stocking rates during lambing could be considerably higher on sunny than on shady faces.
Seasonal spread of annual herbage accumulation NW aspects produced proportionately more herbage than SW in winter and spring; the converse applied for summer and autumn. The former effect is probably the result of temperature differences among aspects, the latter the result of soil moisture differences.
Slope did not influence the seasonal spread of annual herbage accumulation and neither did fertiliser treatment. This is in direct contradiction to reports by Grant et al. (!973, 1981) for a cutting trial within the area used for this grazing study. In that work improvement of soil fertility resulted in proportionately greater winter and spring herbage accumulation. This may have reflected a greater change in botanical composition in their plots than in this grazing trial, because of the effects of mowing, and the wider range of fertiliser treatments used.
The influence of grazing management on pattern of seasonal herbage accumulation was small -a slightly higher proportion of annual herbage accumulation occurred in SSS in summer, and in RGC in winter.
Interactior J Fertiliser x slope interactions probably result from the more suitable environment for legume growth on the medium slope areas. This would lead to higher N fixation rates and a correspondingly greater increase in soil N supply on these sites. Reasons for the medium slope areas being more favourable for legume growth include differences in degree of competition from associated species, in soil moisture status, and in inherent P status. Uneven spread of fertiliser with respect to micro-topography may also be implicated.
The most likely cause of the management x slope interactions is the different degree of pasture damage, as a result of hoof action, occurring among the 3 grazing managements. Much pugging occurred on low slope ROC areas over winter-early spring, resulting in substantial baring of ground.
Depressions in herbage accumulation on E aspects in ROC, during winter and spring, may have been caused by the cows being grazed on predominantly east-facing areas near calving (August-September). At this time soils are often very wet and pastures are particularly susceptible to pugging damage.
General
Herbage accumulation values reported in this paper are on a surface-area basis, whereas stocking rates are on a map-area basis. To bring these to a common basis multiply stocking rates by 0.86 (unpublished data).
The area used was of low fertility at the start of the study and is situated in what may be described as "moist" hill country. Results obtained were preconditioned by this environment. Different results might have been obtained where level of pasture improvement was higher, and climate was substantially wetter or drier. Also, the results reported here were recorded under conditions of initially average, but later high (by commercial standards), stocking rates. Much of the extra herbage grown as a consequence of experimental treatments was grazed, so treatment effects on herbage accumulation may have been larger than would be experienced on a commercial farm. At lower stocking rates patch-grazing (Suckling 1975 ) is common, especially during summer months, with some areas of pasture closely grazed and others only lightly grazed. As herbage mass increases on these latter areas so does senescence and decay, and hence net HAR decreases. High levels of herbage mass can also have long-term deleterious effects on HAR, through lowered tiller density and/or changes in botanical composition (Suckling 1975; Harris 1978) .
